Abstract: A considerable amount of energy is being consumed for heating and cooling indoor environments in order to provide thermal comfort. For older buildings located in the southern parts of Iran, particularly in Bushehr, many climatic and passive design strategies are being used to provide indoor thermal comfort. This architecture and these elements have been developed in response to unfavorable weather conditions. The current study aimed to identify those passive elements and evaluate indoor thermal comfort in older houses. To achieve these objectives, passive elements in main houses located in the ancient urban structure were first identified. Then, a house in the coastal belt, Tabib's house, and another house inside the ancient urban structure, Nozari's house, were selected for the purpose of field measurement. The results revealed that the passive techniques used in these older houses significantly provide sufficient indoor thermal conditions. The mean measured predicted mean vote (PMV) of Tabib's rooms was 0.88 and the mean measured PMV of Nozari's rooms was 0.91, which were in an acceptable range. The measured predicted percentage of dissatisfied of rooms in both houses were lower than 10%. The main factor in creating indoor thermal comfort in these houses was the natural ventilation and its availability in the selected houses.
Introduction
Over 50% of people in the world live in cities and this amount will increase up to 80% by 2030 [1] . Considerable amounts of energy are used in the building sector to create indoor thermal comfort. Moreover, cities are the source of 70% of CO 2 production in the world [2] . Greenhouse gas emissions, global warming, and high energy consumption in the residential sector have caused global concern with regard to the urban environment [3] .
Meanwhile, comfortable indoor environments are due to the response of the original building architecture to seasonal variations in climate. In addition, older houses have kept occupants physiologically comfortable despite extreme climatic conditions. Climatic strategies that have been used in local and traditional buildings for many years were based on trial and error; these strategies provide valuable knowledge that has been neglected in modern architecture [4] . However, studies that were conducted on small scales have applied strategies of local and traditional architecture for modern buildings in multi-climates.
There are many passive design strategies with respect to the micro-climate, especially in the southern parts of Iran where the high temperature and relative humidity are dominant. In older houses in Bushehr, various passive elements have applied in order to create indoor thermal comfort. The urban structure of the southern part of Iran is different due to its hot and humid climate. Low latitudes, 
Climate
Bushehr lies at 28.96° N and 52.83° E. It is a port city located next to the Persian Gulf. Based on Figure 2 , the climate of Bushehr is hot-humid. The monthly weather conditions of the city are provided in Table 1. Based on Table 1 , June, July, August, and September are the warmest months during a year. 
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Bushehr lies at 28.96° N and 52.83° E. It is a port city located next to the Persian Gulf. Based on Figure 2 , the climate of Bushehr is hot-humid. The monthly weather conditions of the city are provided in Table 1. Based on Table 1 , June, July, August, and September are the warmest months during a year. In Figure 3 , the local wind directions for Bushehr are illustrated. According to the figure, the dominant wind direction throughout the year is north and northwest, and the average wind speed is 3.5 m/s. The wind from the northwest direction with the angle of 320 • is blown to the north direction and has a relative humidity of 50% and a temperature of 22 • C, which is very desirable. In addition, the wind with an angle of 300 • is blown to the north direction and is the most prevalent wind throughout the year, with a mean relative humidity of 50% and an average temperature of 31 • C. In Figure 3 , the local wind directions for Bushehr are illustrated. According to the figure, the dominant wind direction throughout the year is north and northwest, and the average wind speed is 3.5 m/s. The wind from the northwest direction with the angle of 320° is blown to the north direction and has a relative humidity of 50% and a temperature of 22 °C, which is very desirable. In addition, the wind with an angle of 300° is blown to the north direction and is the most prevalent wind throughout the year, with a mean relative humidity of 50% and an average temperature of 31 °C. 
Traditional Context of Bushehr
The traditional context of Bushehr in terms of location has the possibilities for creating calm conditions. In this context, the greatest potential to create comfort is the way in which wind blows through streets and buildings. The whole urban compactness is shown in Figure 4a , with narrow streets 
The traditional context of Bushehr in terms of location has the possibilities for creating calm conditions. In this context, the greatest potential to create comfort is the way in which wind blows through streets and buildings. The whole urban compactness is shown in Figure 4a , with narrow streets and alleys that are higher than their width (the ratio of width to height reaches [1] [2] [3] [4] [5] [6] [32] . This in turn creates permanent shade, which considerably impacts reducing ambient temperature. and alleys that are higher than their width (the ratio of width to height reaches [1] [2] [3] [4] [5] [6] [32] . This in turn creates permanent shade, which considerably impacts reducing ambient temperature. Also, an increase in the length of the building is effective with respect to increasing the speed of wind within the pathways, as is illustrated in Figure 4b . Meanwhile, in order to attain thermal comfort, porches and Shenashirs, which connect the indoor environment to the alleys and streets in a neighborhood play a crucial role [6] . Figure 5 indicates how these elements act as effective shading in order to block solar radiation. The space and structure cause air pressure differences in the atmosphere. This causes suitable wind conditions in the old urban structure of Bushehr [6, 33] . The color of the building is light, so it reflects sunlight as shown in Figure 6 . This strategy reduces the total amount of heat absorbed by the external walls. Moreover, public spaces are shaped sophisticatedly to circulate wind flow within the old neighborhood where most of the windows have been positioned at the external façade of the buildings to receive acceptable wind from the outside. Openings are formed at different levels in various forms. As shown in Figure 6 , visual diversity and climate concern were two important factors in the design of windows on the external façade. Meanwhile, in order to attain thermal comfort, porches and Shenashirs, which connect the indoor environment to the alleys and streets in a neighborhood play a crucial role [6] . Figure 5 indicates how these elements act as effective shading in order to block solar radiation. and alleys that are higher than their width (the ratio of width to height reaches 1-6) [32] . This in turn creates permanent shade, which considerably impacts reducing ambient temperature. Also, an increase in the length of the building is effective with respect to increasing the speed of wind within the pathways, as is illustrated in Figure 4b .
(a) Traditional compact texture of Bushehr (b) Narrow alleys in the traditional context of Bushehr Meanwhile, in order to attain thermal comfort, porches and Shenashirs, which connect the indoor environment to the alleys and streets in a neighborhood play a crucial role [6] . Figure 5 indicates how these elements act as effective shading in order to block solar radiation. The space and structure cause air pressure differences in the atmosphere. This causes suitable wind conditions in the old urban structure of Bushehr [6, 33] . The color of the building is light, so it reflects sunlight as shown in Figure 6 . This strategy reduces the total amount of heat absorbed by the external walls. Moreover, public spaces are shaped sophisticatedly to circulate wind flow within the old neighborhood where most of the windows have been positioned at the external façade of the buildings to receive acceptable wind from the outside. Openings are formed at different levels in various forms. As shown in Figure 6 , visual diversity and climate concern were two important factors in the design of windows on the external façade. The space and structure cause air pressure differences in the atmosphere. This causes suitable wind conditions in the old urban structure of Bushehr [6, 33] . The color of the building is light, so it reflects sunlight as shown in Figure 6 . This strategy reduces the total amount of heat absorbed by the external walls. Moreover, public spaces are shaped sophisticatedly to circulate wind flow within the old neighborhood where most of the windows have been positioned at the external façade of the buildings to receive acceptable wind from the outside. Openings are formed at different levels in various forms. As shown in Figure 6 , visual diversity and climate concern were two important factors in the design of windows on the external façade. Due to the porous stones that are used as the local building material, drying walls causes the interior to absorb moisture. In fact, by creating wind in the streets, some of the moisture through the wall surface will be directed outward. Therefore, one of the most important climatic factors that affect urban ventilation conditions is the regional wind, which is the best way to deal with harsh climatic conditions [34, 35] . Using shadings and air flow are the two most important factors in determining the urban fabric and creating human comfort [36] .
Passive Design Solutions in Tabib's and Nozari's Houses
Buildings were built in the east-west orientation in order to create comfort conditions in the living space. Based on the investigation in the current study, temperature and humidity, which are controlled by the architectural elements, can be highlighted in the following cases:
(1) Yard: Yards have a close relation with the wind and is assumed to be a place for providing wind circulation. The central courtyard reduces air temperature at the internal spaces by replacing fresh and cool air from the outside. The courtyard, as a passive design strategy, creates indoor air velocity to the adjacent rooms by means of stack and cross ventilation. (2) Shenashir: This is a half-closed space located in the front of the closed space and protects the closed backspace from direct sunlight. On the other hand, due to the building's shadow on the outer surface, the temperature of the chamber reduces. External and internal Shenashir are shown in Table 2 and Figure 7 . Due to the porous stones that are used as the local building material, drying walls causes the interior to absorb moisture. In fact, by creating wind in the streets, some of the moisture through the wall surface will be directed outward. Therefore, one of the most important climatic factors that affect urban ventilation conditions is the regional wind, which is the best way to deal with harsh climatic conditions [34, 35] . Using shadings and air flow are the two most important factors in determining the urban fabric and creating human comfort [36] .
(1) Yard: Yards have a close relation with the wind and is assumed to be a place for providing wind circulation. The central courtyard reduces air temperature at the internal spaces by replacing fresh and cool air from the outside. The courtyard, as a passive design strategy, creates indoor air velocity to the adjacent rooms by means of stack and cross ventilation. (2) Shenashir: This is a half-closed space located in the front of the closed space and protects the closed backspace from direct sunlight. On the other hand, due to the building's shadow on the outer surface, the temperature of the chamber reduces. External and internal Shenashir are shown in Table 2 and Figure 7 . (3) Openings: They play an important role in the hot-humid climate. The location of openings in a room is mostly related to the wind direction. In the architectural design of openings, it is important to determine the orientation of the openings in the building to provide appropriate light and air flow. In most of the cases, openings are exposed to the outside and orientated to the north and south. (4) Terrace: This is a non-enclosed space covered and located on each individual level of the building.
A terrace is surrounded by and covered with wooden blinds and sun straw. Terraces of the houses are half open space that are exposed to air and are cooler than other parts of the building. In addition, terraces bring favorable winds into the spaces of the building itself. Terraces are shown in the plans in Table 2 and Figure 8 . (5) Rooms: They are usually surrounded by the yard at different sides. The ratio of height to the width is not too large, normally 1:2 or 1:3. These ratios offer better ventilation in the yards as well as rooms in close proximity to the yard. The height of a room causes warm air to moved upward and reduces the room air temperature. In addition, building height is an element that provides wind pressure at the external surface building. As a result, a building can be naturally ventilated by the difference in pressure. (6) Single-layer rooms: Rooms have two effective side: yard and surrounding streets sides. They have openings on both sides to provide wind circulation. Because of the importance of airflow, each space should have a window for air pressure in the suction area as well as another outgoing path. Thus, it is better to have outdoor space with two fronts in relation to the airflow. In general, natural ventilation in the buildings has three passive effects that are outlined in Figure 9 .
[ 34, 35] . Using shadings and air flow are the two most important factors in determining the urban fabric and creating human comfort [36] .
(1) Yard: Yards have a close relation with the wind and is assumed to be a place for providing wind circulation. The central courtyard reduces air temperature at the internal spaces by replacing fresh and cool air from the outside. The courtyard, as a passive design strategy, creates indoor air velocity to the adjacent rooms by means of stack and cross ventilation. (2) Shenashir: This is a half-closed space located in the front of the closed space and protects the closed backspace from direct sunlight. On the other hand, due to the building's shadow on the outer surface, the temperature of the chamber reduces. External and internal Shenashir are shown in Table 2 and Figure 7 . (5) Rooms: They are usually surrounded by the yard at different sides. The ratio of height to the width is not too large, normally 1:2 or 1:3. These ratios offer better ventilation in the yards as well as rooms in close proximity to the yard. The height of a room causes warm air to moved upward and reduces the room air temperature. In addition, building height is an element that provides wind pressure at the external surface building. As a result, a building can be naturally ventilated by the difference in pressure. (6) Single-layer rooms: Rooms have two effective side: yard and surrounding streets sides. They have openings on both sides to provide wind circulation. Because of the importance of airflow, each space should have a window for air pressure in the suction area as well as another outgoing path. Thus, it is better to have outdoor space with two fronts in relation to the airflow. In general, natural ventilation in the buildings has three passive effects that are outlined in Figure 9 . Materials used in the buildings of Bushehr are different. They include local rock, local plaster (lime), wood (of mangrove), wooden plate, rattan, cast iron, glass, and mortar shell. The materials are selected according to ease of access to mines and adaptation to climatic conditions.
(1) Stone: Coral reef rock with limestone is one of the basic materials in Bushehr. The stone is used in Materials used in the buildings of Bushehr are different. They include local rock, local plaster (lime), wood (of mangrove), wooden plate, rattan, cast iron, glass, and mortar shell. The materials are selected according to ease of access to mines and adaptation to climatic conditions.
(1) Stone: Coral reef rock with limestone is one of the basic materials in Bushehr. The stone is used in the foundation, walls, and in building facade because it has high resistance to moisture. These rocks are porous with very good thermal and acoustic insulation properties. (2) Mud mortar and plaster: Clay is beaten and mixed with hydrated lime and water and used as mortar for building structures in building foundations and walls. The mortar is used in places where moisture and water penetration directly affects the building. (3) Wood: Materials with low thermal conductivity like wood are used in hot-humid climates.
The main problem is overheating and storing heat in this climate, which should not be transferred inside the building. For this reason, the best types of material is wood roofing. These materials can be used both for windows and doors. Wood releases heat slowly and transfers the gained heat smoothly. Thus, the wood surface remains relatively cool in the evening.
Methodology

Sensors and Data Logger
Previous research demonstrated the successful results of empirical experiments as a technique for simulating real conditions in residential buildings. Results from such experiments are more valuable and reliable than other methods and theoretical calculations. Therefore, in this research, a full-scale field measurement of two residential units in Bushehr, with the purpose of evaluating indoor thermal conditions, were studied. For this purpose, air temperature and relative humidity were measured with a MIC-98583 (Taipei, Taiwan) sensor with ±0.6 • C accuracy in temperature and ±3% accuracy in relative humidity. Wind speed was measured with an AVM-305 (Taipei, Taiwan) sensor with ±0.2 m/s accuracy. The sensor measured only one wind direction which affected the results of the predicted mean vote (PMV) in the buildings. However, given the limited availability of devices for the measurement, it was selected to record the indoor air velocity. For the purpose of measuring the mean radiant temperature (MRT), various methods have been suggested in the literature [37] . The MRT is typically measured by a black globe or surface temperature methods. However, in the current study, the surface temperature method was selected as it is a faster method due to quicker response of sensors. Using sensors to monitor surface temperature is less intrusive, but it has some challenges because of view factors, sensor deployment, and accuracy. Therefore, for the purpose of measuring and calculating MRT, we measured the surface temperature of all rooms in both cases by a Testo-925 (Beerlin, Germany) sensor with ±0.5 • C accuracy. Then, the averages of recorded data for each house are reported as final data in the results of this study. Notably, all the data loggers and sensors were calibrated prior to the field measurement. Figure 10 shows the sensors and data loggers used for the purpose of data collection. 
Experimental Test Conditions
Two residential buildings in the ancient urban structure of Bushehr were selected. They were selected to evaluate the thermal comfort conditions with regard to older elements that were used to respond to micro-climate. A house on the seashore and another house inside the ancient urban structure were selected, as shown in Figure 1 . Tabib's and Nozari's houses were selected because various passive strategies have been implemented in these older houses. Full-scale field measurement was conducted in the selected houses to assess how those applied elements could promote indoor thermal condition.
Tabib's and Nozari's houses belong to the Qajar era and are located in the historical part of town as shown in Figure 1 . Tabib's house has a distance of 10 m from the sea (Persian Gulf) near the coast and has two floors (ground floor and first floor). It was designed with a central courtyard. The building was built using older building materials such as coral stone and mortar, plaster and rooftops, as shot by mangrove poles and special furring. Different floors were connected by spiral stairs form and the four sides of the building have been linked together as illustrated in Table 2 . Figure 10 . Sensors and data loggers used for the data collection.
Tabib's and Nozari's houses belong to the Qajar era and are located in the historical part of town as shown in Figure 1 . Tabib's house has a distance of 10 m from the sea (Persian Gulf) near the coast and has two floors (ground floor and first floor). It was designed with a central courtyard. The building was built using older building materials such as coral stone and mortar, plaster and rooftops, as shot by mangrove poles and special furring. Different floors were connected by spiral stairs form and the four sides of the building have been linked together as illustrated in Table 2 . . Sensors and data loggers used for the data collection.
Tabib's and Nozari's houses belong to the Qajar era and are located in the historical part of town as shown in Figure 1 . Tabib's house has a distance of 10 m from the sea (Persian Gulf) near the coast and has two floors (ground floor and first floor). It was designed with a central courtyard. The building was built using older building materials such as coral stone and mortar, plaster and rooftops, as shot by mangrove poles and special furring. Different floors were connected by spiral stairs form and the four sides of the building have been linked together as illustrated in Table 2 . 
B-B
In a similar architectural plan, Nozari's house has two floors. It was designed with a central courtyard. Different floors of the building are connected by stairs and linked the two sides of the yard ( Table 2 ). The structure was made of coral stone and mortar, plaster, beams, and flat rooftops (mangrove and shingle). All rooms have a rectangular design and were built in connection with the surrounding spaces. The pure architecture of the building with a number of openings in the building, open spaces, and semi-open spaces, and their direct relation with the outdoor environment lead the possibility of establishing natural ventilation for both studied houses. The selected houses have the most important features for the micro-climate of Bushehr. This is the main reason for selecting these houses for field measurement. The results of the experiment show how these elements have directly impacted the indoor thermal condition.
The rooms that were selected for field measurement are shown in Table 2 . The reason for selecting these rooms was their close proximity to the older features. As is clear in Table 2 , the selected rooms can be divided into three categories. First, there were rooms that were adjacent to the Shenashir (rooms C in both houses). Second, there were rooms that were surrounded by terraces such as rooms A and B in both houses on the ground floor. Finally, there were rooms that were equipped with both Shenashir and terraces. They were commonly on the first floor in both houses. Since the main purpose of this study was evaluating thermal comfort by focusing on older elements, those rooms were the most relevant choices. The reason was that they could demonstrate the pure effect of older elements on the indoor environmental conditions of adjacent rooms.
Temperature, relative humidity, wind velocity, and MRT were measured during one month. This period was based on the standard period that has been recommended in previous studies. For instance, in a study in Malaysia, Aflaki et al. [38] evaluated the indoor thermal condition for a high-rise building for a period of one month. In another study in Singapore, Liping and Hien [39] examined indoor ventilation in the naturally ventilated flats over three weeks. They selected a total number of six residential flats on different levels. Although the experiment was carried out for a month, some representative days were selected to avoid redundant analysis. It was assumed that these days in the Table 2 ). The structure was made of coral stone and mortar, plaster, beams, and flat rooftops (mangrove and shingle). All rooms have a rectangular design and were built in connection with the surrounding spaces. The pure architecture of the building with a number of openings in the building, open spaces, and semi-open spaces, and their direct relation with the outdoor environment lead the possibility of establishing natural ventilation for both studied houses. The selected houses have the most important features for the micro-climate of Bushehr. This is the main reason for selecting these houses for field measurement. The results of the experiment show how these elements have directly impacted the indoor thermal condition.
Temperature, relative humidity, wind velocity, and MRT were measured during one month. This period was based on the standard period that has been recommended in previous studies. For instance, in a study in Malaysia, Aflaki et al. [38] evaluated the indoor thermal condition for a high-rise building for a period of one month. In another study in Singapore, Liping and Hien [39] examined indoor ventilation in the naturally ventilated flats over three weeks. They selected a total number of six residential flats on different levels. Although the experiment was carried out for a month, some representative days were selected to avoid redundant analysis. It was assumed that these days in the The rooms that were selected for field measurement are shown in Table 2 . The reason for selecting these rooms was their close proximity to the older features. As is clear in Table 2 , the selected rooms can be divided into three categories. First, there were rooms that were adjacent to the Shenashir (rooms C in both houses). Second, there were rooms that were surrounded by terraces such as rooms A and B in both houses on the ground floor. Finally, there were rooms that were equipped with both Shenashir and terraces. They were commonly on the first floor in both houses. Since the main purpose of this study was evaluating thermal comfort by focusing on older elements, those rooms were the most relevant choices. The reason was that they could demonstrate the pure effect of older elements on the indoor environmental conditions of adjacent rooms.
Temperature, relative humidity, wind velocity, and MRT were measured during one month. This period was based on the standard period that has been recommended in previous studies. For instance, in a study in Malaysia, Aflaki et al. [38] evaluated the indoor thermal condition for a high-rise building for a period of one month. In another study in Singapore, Liping and Hien [39] examined indoor ventilation in the naturally ventilated flats over three weeks. They selected a total number of six residential flats on different levels. Although the experiment was carried out for a month, some representative days were selected to avoid redundant analysis. It was assumed that these days in the
Temperature, relative humidity, wind velocity, and MRT were measured during one month. This period was based on the standard period that has been recommended in previous studies. For instance, in a study in Malaysia, Aflaki et al. [38] evaluated the indoor thermal condition for a high-rise building for a period of one month. In another study in Singapore, Liping and Hien [39] examined indoor ventilation in the naturally ventilated flats over three weeks. They selected a total number of six residential flats on different levels. Although the experiment was carried out for a month, some representative days were selected to avoid redundant analysis. It was assumed that these days in the hottest month clearly present the overall condition of rooms during the hot season. Therefore, the selected days were August 30 and September 1, 4, 16, 23, 27, and 30 of 2016 at 11:00 a.m. Based on the meteorological data, this time and these days were the hottest days during the selected month. The measurements were taken at the center of the selected rooms. Sensor height in each room was 0.8 m, equivalent to the height of the head when sedentary activities are performed. The location of sensors in the courtyard was at the center and the height was adjusted to 1.5 m above the ground.
Results and Discussion
The thermal environment could significantly affect human health [40] . Therefore, in the current study, the effect of environmental parameters, including indoor air temperature, relative humidity, and indoor air velocity on the thermal condition of houses were investigated. As shown in Figure 11 , the results of air temperature are presented for the selected days. Based on the results, the indoor air temperature for all rooms was lower than the outdoor temperature. The minimum temperatures of the rooms on August 30 and September 4 in Tabib's rooms were 28 • C and 28.6 • C, respectively. The temperature differences between inside and outside were 2.2 • C and 3.4 • C, respectively. This was due to the external Shenashir and semi-open spaces that were around the rooms. They created effective shadings surrounding the rooms. The lowest temperature of the rooms was recorded on September 1 and 16, at 28.2 • C, 29.1 • C, in the selected rooms at Nozari's house, respectively. Results for rooms in Tabib's house revealed tangible differences in temperature. Temperature differences between inside and outside were 3.4 • C and 3.1 • C on September 1 and 16, respectively, due to the external Shenashir, semi-open spaces, and terrace around the rooms. hottest month clearly present the overall condition of rooms during the hot season. Therefore, the selected days were August 30 and September 1, 4, 16, 23, 27, and 30 of 2016 at 11:00 a.m. Based on the meteorological data, this time and these days were the hottest days during the selected month. The measurements were taken at the center of the selected rooms. Sensor height in each room was 0.8 m, equivalent to the height of the head when sedentary activities are performed. The location of sensors in the courtyard was at the center and the height was adjusted to 1.5 m above the ground.
The thermal environment could significantly affect human health [40] . Therefore, in the current study, the effect of environmental parameters, including indoor air temperature, relative humidity, and indoor air velocity on the thermal condition of houses were investigated. As shown in Figure 11 , the results of air temperature are presented for the selected days. Based on the results, the indoor air temperature for all rooms was lower than the outdoor temperature. The minimum temperatures of the rooms on August 30 and September 4 in Tabib's rooms were 28 °C and 28.6 °C, respectively. The temperature differences between inside and outside were 2.2 °C and 3.4 °C, respectively. This was due to the external Shenashir and semi-open spaces that were around the rooms. They created effective shadings surrounding the rooms. The lowest temperature of the rooms was recorded on September 1 and 16, at 28.2 °C, 29.1 °C , in the selected rooms at Nozari's house, respectively. Results for rooms in Tabib's house revealed tangible differences in temperature. Temperature differences between inside and outside were 3.4 °C and 3.1 °C on September 1 and 16, respectively, due to the external Shenashir, semi-open spaces, and terrace around the rooms. More investigation into the selected rooms (A, B, and D) in Tabib's house showed that the indoor air temperature was lower than the outdoor temperature on all studied days because they have portico, terrace, semi-open spaces, and vertical and horizontal shading devices that created shadings. In Nozari's house, temperatures in rooms A and B were lower than the outdoor temperature because they had semi-open spaces and vertical shading devices. Also, room D used interior Shenashir and semi-open space. Interior Shenashir provided more shade and consequently decreased the indoor air temperature. Figure 12 shows the average temperature of the spaces on the selected days. Based on Figures 11  and 12 , the central courtyard of houses had a temperature about 0.8 °C lower than the outdoor temperature. This reflects the central courtyard impact on older houses. According to Figure 12 , the temperature in the central courtyard of Tabib's house was 1.5% lower than in Nozari's courtyard. This was due to more greenery, which prevented solar radiation penetration, especially during the afternoon. More investigation into the selected rooms (A, B, and D) in Tabib's house showed that the indoor air temperature was lower than the outdoor temperature on all studied days because they have portico, terrace, semi-open spaces, and vertical and horizontal shading devices that created shadings. In Nozari's house, temperatures in rooms A and B were lower than the outdoor temperature because they had semi-open spaces and vertical shading devices. Also, room D used interior Shenashir and semi-open space. Interior Shenashir provided more shade and consequently decreased the indoor air temperature. Figure 12 shows the average temperature of the spaces on the selected days. Based on Figures 11  and 12 , the central courtyard of houses had a temperature about 0.8 • C lower than the outdoor temperature. This reflects the central courtyard impact on older houses. According to Figure 12 , the temperature in the central courtyard of Tabib's house was 1.5% lower than in Nozari's courtyard. This was due to more greenery, which prevented solar radiation penetration, especially during the afternoon. The mean air temperature of the rooms in Tabib's house was 2.4 °C lower than the outside temperature. This was the same as recorded in Nozari's house, where the average indoor temperature of the rooms was 2.6 °C lower than the outdoor temperature. This is because they used older elements to create shade, such as vertical and horizontal shading devices, portico, semi-open space, vertical and horizontal canopies, and external and interior Shenashir to reduce solar penetration. Also, they used a light color on the exterior parts of the buildings that contributed to the lower temperature. Furthermore, the selected buildings used materials with low thermal conductivity, such as wood in the ceiling, and implemented windows in order to reduce heat transmittance from the outside. The light color on the exterior parts of the buildings and materials with low thermal conductivity were used in other studies [19] . Also, as stated by Du et al. [25] , semi-open spaces were applied in older Chinese houses to reduce temperature and create thermal comfort. Therefore, all these strategies have been evaluated numerically to identify their effectiveness in older houses. Figures 13 and 14 show mean radiant temperature and the average of the mean radiant temperature measured for all spaces for different days, respectively. Based on Figure 13 , the MRT of Tabib's room was 28.6 °C on August 30, and the difference between MRT and air temperature of Tabib's room was 0.6 °C , which was low and constant. According to Figure 14 , the difference in average mean MRT of the studied rooms with outdoor temperature was 0.6 °C . This is due to several effects including the shading, light color for the external and internal walls, and local materials (coral stone and gypsum), which kept indoor air temperature constant. Also, the wide thickness of external walls and applying materials with low thermal conductivity, such as wood in ceilings and windows, significantly reduced heat transfer. The mean air temperature of the rooms in Tabib's house was 2.4 • C lower than the outside temperature. This was the same as recorded in Nozari's house, where the average indoor temperature of the rooms was 2.6 • C lower than the outdoor temperature. This is because they used older elements to create shade, such as vertical and horizontal shading devices, portico, semi-open space, vertical and horizontal canopies, and external and interior Shenashir to reduce solar penetration. Also, they used a light color on the exterior parts of the buildings that contributed to the lower temperature. Furthermore, the selected buildings used materials with low thermal conductivity, such as wood in the ceiling, and implemented windows in order to reduce heat transmittance from the outside. The light color on the exterior parts of the buildings and materials with low thermal conductivity were used in other studies [19] . Also, as stated by Du et al. [25] , semi-open spaces were applied in older Chinese houses to reduce temperature and create thermal comfort. Therefore, all these strategies have been evaluated numerically to identify their effectiveness in older houses. Figures 13 and 14 show mean radiant temperature and the average of the mean radiant temperature measured for all spaces for different days, respectively. Based on Figure 13 , the MRT of Tabib's room was 28.6 • C on August 30, and the difference between MRT and air temperature of Tabib's room was 0.6 • C, which was low and constant. According to Figure 14 , the difference in average mean MRT of the studied rooms with outdoor temperature was 0.6 • C. This is due to several effects including the shading, light color for the external and internal walls, and local materials (coral stone and gypsum), which kept indoor air temperature constant. Also, the wide thickness of external walls and applying materials with low thermal conductivity, such as wood in ceilings and windows, significantly reduced heat transfer. According to Figure 14 , the average MRT of Tabib's rooms was almost equal to Nozari's rooms. The average MRT of rooms on the ground floor in Tabib's house (Tabib A and B) was higher than the MRT of rooms on the ground floor of Nozari's house (Nozari A and B) . The mean MRT of rooms at the first floor in Tabib's house (Tabib C and D) was higher than the MRT of the ground floor of Nozari's house (Nozari C and D) by about 0.7%, which indicates that they were low. Also, the MRT of the studied houses was nearly similar. According to Figure 15 , maximum indoor air speed in Tabib's room (B) on August 30 was 0.7 m/s. According to the results, the wind speed difference between inside and outside was 0.6 m/s. In addition, the relative humidity was 22.7% lower than the outdoor relative humidity (Figure 16 ), which was constant. This was due to the location of the room where it faced the Persian Gulf, so it received sea breeze that created suitable ventilation. According to Figure 14 , the average MRT of Tabib's rooms was almost equal to Nozari's rooms. The average MRT of rooms on the ground floor in Tabib's house (Tabib A and B) was higher than the MRT of rooms on the ground floor of Nozari's house (Nozari A and B). The mean MRT of rooms at the first floor in Tabib's house (Tabib C and D) was higher than the MRT of the ground floor of Nozari's house (Nozari C and D) by about 0.7%, which indicates that they were low. Also, the MRT of the studied houses was nearly similar. According to Figure 14 , the average MRT of Tabib's rooms was almost equal to Nozari's rooms. The average MRT of rooms on the ground floor in Tabib's house (Tabib A and B) was higher than the MRT of rooms on the ground floor of Nozari's house (Nozari A and B) . The mean MRT of rooms at the first floor in Tabib's house (Tabib C and D) was higher than the MRT of the ground floor of Nozari's house (Nozari C and D) by about 0.7%, which indicates that they were low. Also, the MRT of the studied houses was nearly similar. According to Figure 15 , maximum indoor air speed in Tabib's room (B) on August 30 was 0.7 m/s. According to the results, the wind speed difference between inside and outside was 0.6 m/s. In addition, the relative humidity was 22.7% lower than the outdoor relative humidity (Figure 16 ), which was constant. This was due to the location of the room where it faced the Persian Gulf, so it received sea breeze that created suitable ventilation. According to Figure 15 , maximum indoor air speed in Tabib's room (B) on August 30 was 0.7 m/s. According to the results, the wind speed difference between inside and outside was 0.6 m/s. In addition, the relative humidity was 22.7% lower than the outdoor relative humidity (Figure 16 ), which was constant. This was due to the location of the room where it faced the Persian Gulf, so it received sea breeze that created suitable ventilation. The maximum wind speed of Tabib's room (C) on September 1, 2016 was 1.13 m/s and the wind speed difference between inside and outside was 1.14 m/s. Additionally, the relative humidity of Tabib's room (C) was 19% lower than the outdoor relative humidity (Figure 16 ). The reason for this was the location of the room (C), where it received sufficient sea breeze. The amount of indoor air velocity for Tabib's rooms A, B, and C was higher than 1 m/s on such windy days. Although this amount of wind reduces the relative humidity, it increases the risk of thermal discomfort. It should be noted that wind velocity and wind direction affect the indoor air velocity in the mentioned room significantly. Based on Figure 15 , the variation in wind speeds in all studied rooms was 0.53 m/s to 1.2 m/s, which was very constant. Also, the relative humidity of the rooms was 20.5% lower than RH outdoor during all days ( Figure 17) . The result of the study was in line with the study by Sapian et al. [41] . According to their study in a naturally ventilated building, the thermal comfort condition can be achieved in a hot and humid climate where the indoor air temperature ranged between 26.0 °C to 29.9 °C and the indoor air velocity was 0.5 ms −1 to 1.0 ms −1 . The relative humidity must not exceed 90% in this condition in order to sustain comfort. Moreover, according to the recommendation by ASHRAE [42] , comfort can be attained when a minimum air velocity of 0.15 ms −1 blows in a room where the indoor air temperature is between 23 °C to 26 °C and the relative humidity is less than 70%. Based on the results, thermal comfort was achieved in the studied rooms because of the relevant location of the rooms. The rooms around a central courtyard received wind flow from the central courtyard or the alleys around the house. In addition, by accurate placement of windows and doors facing each other, further ventilation in the selected building was achieved. The maximum wind speed of Tabib's room (C) on September 1, 2016 was 1.13 m/s and the wind speed difference between inside and outside was 1.14 m/s. Additionally, the relative humidity of Tabib's room (C) was 19% lower than the outdoor relative humidity (Figure 16 ). The reason for this was the location of the room (C), where it received sufficient sea breeze. The amount of indoor air velocity for Tabib's rooms A, B, and C was higher than 1 m/s on such windy days. Although this amount of wind reduces the relative humidity, it increases the risk of thermal discomfort. It should be noted that wind velocity and wind direction affect the indoor air velocity in the mentioned room significantly. Based on Figure 15 , the variation in wind speeds in all studied rooms was 0.53 m/s to 1.2 m/s, which was very constant. Also, the relative humidity of the rooms was 20.5% lower than RH outdoor during all days (Figure 17) . The result of the study was in line with the study by Sapian et al. [41] . According to their study in a naturally ventilated building, the thermal comfort condition can be achieved in a hot and humid climate where the indoor air temperature ranged between 26.0 • C to 29.9 • C and the indoor air velocity was 0.5 ms −1 to 1.0 ms −1 . The relative humidity must not exceed 90% in this condition in order to sustain comfort. Moreover, according to the recommendation by ASHRAE [42] , comfort can be attained when a minimum air velocity of 0.15 ms −1 blows in a room where the indoor air temperature is between 23 • C to 26 • C and the relative humidity is less than 70%. Based on the results, thermal comfort was achieved in the studied rooms because of the relevant location of the rooms. The rooms around a central courtyard received wind flow from the central courtyard or the alleys around the house. In addition, by accurate placement of windows and doors facing each other, further ventilation in the selected building was achieved. Based on Figure 15 , wind speeds of Nozari's house yard and Tabib's house yard were 0.89 m/s and 0.94 m/s on August 30, 2016, respectively. Also, the relative humidity of Nozari's house yard and Tabib's house yard were 12% and 14% lower than outdoor relative humidity on August 30, 2016, respectively ( Figure 16 ). This ascertained that courtyards were relevant elements that work sufficiently in hot-humid climates. Based on Figure 16 , the mean wind speed of the courtyards was 1.34 m/s, which was about 0.4 m/s lower than the outside. Also, the mean relative humidity of courtyards was about 12.9% lower than the outside. Thus, the courtyard in older houses effectively moderates micro-climate. The result was in line with the outcomes that were reported in other studies in different regions with hot-humid climates [13, 15, 21, 23, 27] . According to Figure 18 , the wind speed of Tabib's house yard was 8.6% higher than Nozari's house yard. Also, the mean wind speed of the rooms in Tabib's house was lower than the outside wind speed, which was due to Tabib's house location, as it faces the sea. Based on Figure 15 , wind speeds of Nozari's house yard and Tabib's house yard were 0.89 m/s and 0.94 m/s on August 30, 2016, respectively. Also, the relative humidity of Nozari's house yard and Tabib's house yard were 12% and 14% lower than outdoor relative humidity on August 30, 2016, respectively ( Figure 16 ). This ascertained that courtyards were relevant elements that work sufficiently in hot-humid climates. Based on Figure 16 , the mean wind speed of the courtyards was 1.34 m/s, which was about 0.4 m/s lower than the outside. Also, the mean relative humidity of courtyards was about 12.9% lower than the outside. Thus, the courtyard in older houses effectively moderates micro-climate. The result was in line with the outcomes that were reported in other studies in different regions with hot-humid climates [13, 15, 21, 23, 27] . According to Figure 18 , the wind speed of Tabib's house yard was 8.6% higher than Nozari's house yard. Also, the mean wind speed of the rooms in Tabib's house was lower than the outside wind speed, which was due to Tabib's house location, as it faces the sea. Based on Figure 15 , wind speeds of Nozari's house yard and Tabib's house yard were 0.89 m/s and 0.94 m/s on August 30, 2016, respectively. Also, the relative humidity of Nozari's house yard and Tabib's house yard were 12% and 14% lower than outdoor relative humidity on August 30, 2016, respectively ( Figure 16 ). This ascertained that courtyards were relevant elements that work sufficiently in hot-humid climates. Based on Figure 16 , the mean wind speed of the courtyards was 1.34 m/s, which was about 0.4 m/s lower than the outside. Also, the mean relative humidity of courtyards was about 12.9% lower than the outside. Thus, the courtyard in older houses effectively moderates micro-climate. The result was in line with the outcomes that were reported in other studies in different regions with hot-humid climates [13, 15, 21, 23, 27] . According to Figure 18 , the wind speed of Tabib's house yard was 8.6% higher than Nozari's house yard. Also, the mean wind speed of the rooms in Tabib's house was lower than the outside wind speed, which was due to Tabib's house location, as it faces the sea. After the analysis of air temperature, Mean radiant temperature (MRT), wind speed, and relative humidity, the value of the Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD) were calculated. Many studies investigated the calculation of PMV. Fanger's model for thermal comfort is one of the main models that has been used in the majority of studies [43, 44] . In the current study, the metabolic rate for the calculated PMV and PPD was assumed to be0.9. Metabolic rate is the average of light working, seated, relaxed, sleeping, and reclining according to ISO 7730 for sedentary activities [45] . Also, clothing level was assumed to be 0.5 based on ISO 7730 [45] for typical summer indoor clothing. Figure 19 shows the values of PMV for the rooms for the test days. According to Figure 19 , the PMV index of all rooms was under one. According to Table 3 , ISO 7730 specifies three different categories of thermal comfort depending upon PMV ranges. The comparison of results with the above-mentioned standard confirms that the measured rooms that were in different classes depended on the locations. It should be noted that on such hot days the PMV value was not in the specified classes. For instance, the PMV values in Tabib's room A and Nozari's rooms A and B on September 16, 2016 were not in the range specified by ISO7730. However, the values of PMV for other rooms on different days were mostly within classes A and B, which were in an acceptable range according to ISO 7730 [45] . Also, the value of PMV of the rooms had a diurnal variation of 0.55 on September 16. On this date, the lowest PMV of the rooms was in Tabib's room C, and the highest was for Tabib's room A. PMV of the rooms had a diurnal variation of 0.35 on September 23, 2016. PMV of all of the rooms was under 0.5 on September 27 and 30. After the analysis of air temperature, Mean radiant temperature (MRT), wind speed, and relative humidity, the value of the Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD) were calculated. Many studies investigated the calculation of PMV. Fanger's model for thermal comfort is one of the main models that has been used in the majority of studies [43, 44] . In the current study, the metabolic rate for the calculated PMV and PPD was assumed to be0.9. Metabolic rate is the average of light working, seated, relaxed, sleeping, and reclining according to ISO 7730 for sedentary activities [45] . Also, clothing level was assumed to be 0.5 based on ISO 7730 [45] for typical summer indoor clothing. Figure 19 shows the values of PMV for the rooms for the test days. According to Figure 19 , the PMV index of all rooms was under one. According to Table 3 , ISO 7730 specifies three different categories of thermal comfort depending upon PMV ranges. The comparison of results with the above-mentioned standard confirms that the measured rooms that were in different classes depended on the locations. It should be noted that on such hot days the PMV value was not in the specified classes. For instance, the PMV values in Tabib's room A and Nozari's rooms A and B on September 16, 2016 were not in the range specified by ISO7730. However, the values of PMV for other rooms on different days were mostly within classes A and B, which were in an acceptable range according to ISO 7730 [45] . Also, the value of PMV of the rooms had a diurnal variation of 0.55 on September 16. On this date, the lowest PMV of the rooms was in Tabib's room C, and the highest was for Tabib's room A. PMV of the rooms had a diurnal variation of 0. Table 3 . Different categories of thermal comfort based on the Predicted Mean Vote (PMV) range [46, 47] . Figure 20 shows a comparison of PPD in the studied rooms for the test days. According to Figure 20 , the PPD index of all rooms was under 20%, which was in an acceptable range according to ISO 7730 [45] . Also, the PPD of the selected rooms had a diurnal variation of 12% on September 16, 2016. On this date, the lowest PPD was in Tabib's room C, and the highest PPD was in Tabib's room ). Also, on September 23, the minimum PMV was in Tabib's rooms B and C and Nozari's room C. On the other hand, the highest PMV was for Tabib's rooms A and D. The PPD of all rooms was under 5% on September 27 and 30. Figure 21 , the measured PMV of Tabib's rooms was 3.3% lower than Nozari's rooms. Also, the measured PMV of rooms on the ground floor in Tabib's house (A and B) was 5.4% lower than PMV of ground floor Nozari's house (Nozari A and B) . Table 3 . Different categories of thermal comfort based on the Predicted Mean Vote (PMV) range [46, 47] . Figure 20 shows a comparison of PPD in the studied rooms for the test days. According to Figure 20 , the PPD index of all rooms was under 20%, which was in an acceptable range according to ISO 7730 [45] . Also, the PPD of the selected rooms had a diurnal variation of 12% on September 16, 2016. On this date, the lowest PPD was in Tabib's room C, and the highest PPD was in Tabib's room ). Also, on September 23, the minimum PMV was in Tabib's rooms B and C and Nozari's room C. On the other hand, the highest PMV was for Tabib's rooms A and D. The PPD of all rooms was under 5% on September 27 and 30. Table 3 . Different categories of thermal comfort based on the Predicted Mean Vote (PMV) range [46, 47] . Figure 20 shows a comparison of PPD in the studied rooms for the test days. According to Figure 20 , the PPD index of all rooms was under 20%, which was in an acceptable range according to ISO 7730 [45] . Also, the PPD of the selected rooms had a diurnal variation of 12% on September 16, 2016. On this date, the lowest PPD was in Tabib's room C, and the highest PPD was in Tabib's room ). Also, on September 23, the minimum PMV was in Tabib's rooms B and C and Nozari's room C. On the other hand, the highest PMV was for Tabib's rooms A and D. The PPD of all rooms was under 5% on September 27 and 30. The average PMV of the studied rooms at the first floor in Tabib's house (C and D) was equal to the average PMV of the rooms at the ground floor of Nozari's house (C and D). The measured PMV of the rooms in the selected houses was 83% better than the PMV of the rooms for a default wind speed of 0.1 m/s. Also, the measured PMV of the studied rooms was 73% better than the PMV of the rooms for a default wind speed of 0.2 m/s. Repeatedly, the measured PMV of the studied rooms were better than the PMV of the rooms for a default wind speed of 0.2 m/s, which was about 67%. Figure 22 indicates the average of the measured PPD index of the studied rooms with the average PPD for default wind speeds of 0.1 m/s, 0.2 m/s, and 0.3 m/s. According to Figure 22 , the measured PPD of rooms in both houses was lower than 10%, and it was in an acceptable range. The mean PPD of the first floor and the ground floor of rooms in both houses was approximately equal. The measured PPD of the rooms was 32.1% lower than the PPD of the rooms when the default wind speed was 0.1 m/s. In addition, the measured PPD of the rooms was 19.6% lower than the PPD of the rooms when the default wind speed was 0.2 m/s. The average PMV of the studied rooms at the first floor in Tabib's house (C and D) was equal to the average PMV of the rooms at the ground floor of Nozari's house (C and D). The measured PMV of the rooms in the selected houses was 83% better than the PMV of the rooms for a default wind speed of 0.1 m/s. Also, the measured PMV of the studied rooms was 73% better than the PMV of the rooms for a default wind speed of 0.2 m/s. Repeatedly, the measured PMV of the studied rooms were better than the PMV of the rooms for a default wind speed of 0.2 m/s, which was about 67%. Figure 22 indicates the average of the measured PPD index of the studied rooms with the average PPD for default wind speeds of 0.1 m/s, 0.2 m/s, and 0.3 m/s. According to Figure 22 , the measured PPD of rooms in both houses was lower than 10%, and it was in an acceptable range. The mean PPD of the first floor and the ground floor of rooms in both houses was approximately equal. The measured PPD of the rooms was 32.1% lower than the PPD of the rooms when the default wind speed was 0.1 m/s. In addition, the measured PPD of the rooms was 19.6% lower than the PPD of the rooms when the default wind speed was 0.2 m/s. The average PMV of the studied rooms at the first floor in Tabib's house (C and D) was equal to the average PMV of the rooms at the ground floor of Nozari's house (C and D). The measured PMV of the rooms in the selected houses was 83% better than the PMV of the rooms for a default wind speed of 0.1 m/s. Also, the measured PMV of the studied rooms was 73% better than the PMV of the rooms for a default wind speed of 0.2 m/s. Repeatedly, the measured PMV of the studied rooms were better than the PMV of the rooms for a default wind speed of 0.2 m/s, which was about 67%. Figure 22 indicates the average of the measured PPD index of the studied rooms with the average PPD for default wind speeds of 0.1 m/s, 0.2 m/s, and 0.3 m/s. According to Figure 22 , the measured PPD of rooms in both houses was lower than 10%, and it was in an acceptable range. The mean PPD of the first floor and the ground floor of rooms in both houses was approximately equal. The measured PPD of the rooms was 32.1% lower than the PPD of the rooms when the default wind speed was 0.1 m/s. In addition, the measured PPD of the rooms was 19.6% lower than the PPD of the rooms when the default wind speed was 0.2 m/s. The results of this study are in line with the results of previous studies that focused on the application of passive design elements in buildings in different parts of the world [10, 11, 21, 22, 28, 29] . Thus, we concluded that the current study contributes to the knowledge in this field by evaluating the building performance in the city of Bushehr in Iran, where master builders have used passive architectural elements through in older architecture in order to attain thermal comfort.
Conclusions
We investigated passive design strategies in houses located in the ancient urban city of Bushehr. In addition, we evaluated thermal comfort conditions in two selected houses in the city. Older houses in the hot-humid region were constructed based on climatic factors. Based on the results of full-scale measurement, the mean measured PMV of Tabib's rooms (a house near the sea (was 0.88 and the mean measured PMV of Nozari's rooms (a house in the traditional city) was 0.91. The measured PMV of Tabib's rooms was 3.3% lower than Nozari's rooms because Tabib's house is located adjacent to the Persian Gulf and received more sea breeze than Nozari's house. The measured PPD of rooms in both houses were lower than 10%, which was in the acceptable range. The mean PPD of the first floor and ground floor of the studied rooms in both houses were approximately equal. Based on the documentary study and field measurement, the following conclusions were drawn.
(1) The main factor in creating indoor thermal comfort in older buildings in hot-humid climates in summer is using natural ventilation. Wind-induced ventilation by the difference in pressure (cross ventilation) was the main reason for wind circulation inside the studied houses. (2) It is convenient to reduce temperature by using a light color on the exterior parts of the buildings, which contributes to the mitigation of indoor air temperature. (3) Using materials with low thermal conductivity, such as wood in the ceilings and windows in the buildings, improve thermal comfort. (4) Using local materials (coral stone and gypsum) in the external and internal wall of the building reduces indoor temperature and provides acceptable conditions for occupants. (5) Passive elements in the older architecture play an important role in providing thermal comfort. Based on a review of the literature and the quantitative results of this study, effective elements were identified. Using vertical and horizontal canopies, portico, and semi-open space, and external and interior Shenashir could significantly reduce indoor air temperature. (6) External Shenashir creates shadow and controls the air flow to the interior. Also, it enables maximum use of the wind flow and the sea breeze to reduce the humidity in the building. Its function is based on the difference in air pressure. As the air pressure on the surfaces of Shenashir is higher than the indoor air pressure, the wind circulates smoothly in the studied rooms. (7) The central courtyard is used in older houses during summer time. Based on the results, the temperature of the yard is lower than the ambient outdoor air temperature.
Thus, rooms around a central courtyard can use this advantage to provide acceptable indoor thermal conditions. These are the legacies of the our ancestors that can be used in modern buildings; e.g., cross ventilation, using a light color on the exterior parts, adaptive materials, using canopies, portico, and semi-open space, external and interior Shenashir, and central courtyard. These building are also identified as guidelines for designing modern architecture in hot-humid climates. These techniques will help reduce energy consumption and provide environmentally-friendly buildings. 
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